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Abstract
Bose-Einstein correlations of identical bosons reveal information about
the space-time structure of particle emission from the sQGP formed in
ultra-relativistic heavy-ion collisions. Previous measurements of two parti-
cle correlations have shown that the source can best be described by a sym-
metric Levy distribution. Here we report on the measurement of three-
particle correlations in 0-30% centrality Au+Au collisions at
√
sNN = 200
GeV, and describe them with a Levy type source. This measurement
may shed light on hadron creation mechanisms beyond chaotic emission.
We measure three particle correlation strength (λ3) as a function of pair
transverse momentum. This parameter, combined with two-particle cor-
relation strength λ2 may reveal the level of chaoticity and coherence in
particle production.
1 Introduction
The measurement of Bose-Einstein correlations of identical bosons allows one
to map out the femtoscopic geometry of the particle emitting source [1]. It
was found that the particle emitting source corresponding to the sQGP formed
in heavy ion collisions is not adequately described by a Gaussian source [2, 3,
4, 5], which was often assumed to be the case [6, 7]. Data collected by the
PHENIX experiment indicates that this source function is best described by a
Le´vy type source in one dimensional measurements [8], and some preliminary
results suggest that this is also the case when a three dimensional analysis is
performed [9]. Thus, we are going to utilize the Le´vy source for the description
of the measured three-particle correlation functions as well. From two-particle
analyses we can infer the size of the homogeneity region of the source and
measure the two particle correlation strength, as well as the Le´vy exponent [8].
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In addition, combining these with three-particle measurements we can explore
the nature of particle creation mechanisms in the source [10, 11]. Here we present
preliminary results on three pion correlation measurements performed by the
PHENIX experiment in 0-30% centrality Au+Au collisions at
√
s
NN
= 200 GeV.
2 Three-particle femtoscopy with Le´vy type source
We assume that the source can be described by a Le´vy stable distribution [12]:
L(r;α;R) = 1
(2pi)3
∫
d3qeiqre−|qR|
α
. (1)
The distribution is characterized by the Le´vy scale parameter R and the Le´vy
exponent α. We mention two special cases: α = 1 corresponds to Cauchy
distribution, and α = 2 is a Gaussian distribution.
The three-particle correlation function is defined as:
C3(k1,k2,k3) =
N3(k1,k2,k3)
N1(k1)N1(k2)N1(k3)
, (2)
where N3 and N1 are the three particle and the single particle invariant mo-
mentum distributions. Assuming a Le´vy source, and no final state interaction
we can write the interaction-free correlation function as:
C
(0)
3 (k12, k13, k23) = 1 + `3e
−0.5(|2k12R|α+|2k13R|α+|2k23R|α)
+`2
(
e|2k12R|
α
+ e|2k13R|
α
+ e|2k23R|
α
)
. (3)
The newly introduced notations are the following: kij = |ki−kj |/2 is the half of
the magnitude of the relative momentum of two particles in their longitudinally
comoving frame, `2 is the two particle correlation strength measured in three
particle correlations and `3 is the three particle strength parameter.
We measure the correlation functions of same charged pion triplets, therefore
we have to take into account the Coulomb repulsion between them. For this
we introduce a Coulomb correction factor (K3), and the Coulomb interacting
correlation function is then expressed as:
C3(k12, k13, k23) = K3(k12, k13, k23)C
(0)
3 (k12, k13, k23). (4)
For the Coulomb correction factor we use a “generalized Riverside” method,
which means that we approximate it in the following way [13]:
K3(k12, k13, k23) = K2(k12)K2(k13)K2(k23), where (5)
K2(k) =
∫
d4rS(r,k)|Ψ(Coulomb)k (r)|2∫
d4rS(r,k)|Ψ(0)k (r)|2
. (6)
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Additionally, we add a linear background (ε) and a normalization (N) for the
correlation function, so the fit function used here is the following:
C
(fit)
3 = N(1 + εk12)(1 + εk13)(1 + εk23)C3(k12, k13, k23). (7)
One defines the two- and three-particle correlation strength parameters as the
intercepts of the correlation functions:
λ2 = C2(k12 → 0)− 1, (8)
λ3 = C3(k12 = k13 = k23 → 0)− 1, (9)
and one finds that λ3 = `3 + 3`2. With two- and three-pion correlations we
can investigate the pion creation mechanisms [14]. First, let us consider the
possibility of coherent pion creation. We can introduce the fraction of coherent
pions:
pc =
Ncoherent
Ncoherent +Nincoherent
, (10)
where Ncoherent is the number of coherently created pions and Nincoherent is the
number of incoherent ones. Secondly, we introduce the core-halo model. Let
us note that not all incoherent pions come from the sQGP (core), but there
are long lived resonances whose decay into pions yield a contribution (halo).
Therefore, we can define the ratio of primordial pions and the number of pions
coming from the core (Ncore) and from the halo (Nhalo):
fc =
Ncore
Ncore +Nhalo
. (11)
We can express the two- and three particle correlation strengths in terms of the
above defined quantities:
λ2 = f
2
c
[
(1− pc)2 + 2pc(1− pc)
]
(12)
λ3 = 2f
3
c
[
(1− pc)3 + 3pc(1− pc)2
]
+ 3f2c
[
(1− pc)2 + 2pc(1− pc)
]
. (13)
This gives a restriction for the value of λ3 in a purely core-halo picture: 0 ≤
λ3 ≤ 5. Moreover, we can introduce a new, core-halo independent parameter:
κ3 =
λ3 − 3λ2
2
√
λ32
. (14)
If partial coherence does not play a role (pc = 0) then κ3 = 1. Thus, by
measuring λ3 and κ3 we can investigate the role of partial coherence as well as
the appropriacy of the core-halo model.
3 Results
We used
√
s
NN
= 200 GeV Au+Au collisions recorded by the PHENIX exper-
iment in the 2010 running period. We restrict ourselves to the 0-30% most
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Figure 1: An example plot of the measured correlation function and the fitted
function. For visualization we choose to show a diagonal plot.
central events. We measure three particle correlation functions of same charged
pion triplets for 31 different transverse mass bins and fit the data using the
assumption that we are dealing with a Le´vy-shaped source. For the visualiza-
tion of the three dimensional fits, we choose to plot data points and the fitted
curve along a diagonal (k12 = k13 = k23) line; this can be seen on Fig. 1. For
these fits the Le´vy scale parameter R and the Le´vy exponent α was fixed for
the values obtained from two pion correlation measurments done on the same
dataset [8]. The three particle correlation strength, which is calculated from
the fit parameters `2 and `3 is shown as the function of the transverse mass on
Fig. 2. According to the core-halo model, this parameter has to be between 0
and 5 and we can see that this condition is satisfied within errors. For deter-
mining the value of κ3 we used the λ3 values and the two particle correlation
strength values from Ref. [8]. The transverse mass dependence of the core-halo
independent κ3 parameter is shown on Fig. 3. Without partial coherence this
parameter should be equal to one. We can see, that the preliminary results
indicate that κ3 = 1 holds within errors.
4 Summary
We have measured three-pion correlation functions in 0-30% central Au+Au
collisions at
√
sNN = 200 GeV. The results combined with previous two particle
measurements enable us to study the core-halo model and the role of partial
coherence in the system. Preliminary results on the three particle correlation
strength indicate that the system can be well described by a purely chaotic
source. Additionally, from the measurement of a core-halo independent param-
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Figure 2: The three particle correlation strength parameter as the function of
the transverse mass. The data indicates that we have a system described by a
purely core-halo picture as this parameter is in the range of [0, 5] within errors.
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Figure 3: The core-halo independent parameter determined from combining the
results of two and three particle correlation measurements. Without partial
coherence this parameter should be equal to one, and this holds within errors.
5
eter we can infer that partial coherence might not play a role in this system,
thus the source is chaotic.
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